History of chronic periodontitis (CP) is a risk factor for oseointegration failure. The osteoclastogenesis system (RANK, RANKL and OPG) is critical for bone homeostatic control. We investigated the levels of OPG and RANKL in peri-implant tissues from volunteers with and without a history of CP and their association with mucosae inflammation. This is a single-blind case-contro study. Diagnosis of a history of CP and peri-implant examination was performed on 46 volunteers, divided into control (without history of CP, n=26) and CP group (with history of CP, n=20). Gingival biopsies were harvested during implant exposure. Quantitative PCR evaluated OPG/RANKL mRNA expressions. OPG and RANKL proteins were analyzed by western blot and immunohistochemistry assay. The chi-square test analyzed the significance of nominal variables between groups while continuous variables were analyzed by T-test or Mann-Whitney test, after Shapiro-Wilk test evaluation. The 2-ΔΔCT Livak method calculation evaluated the gene expression. Values of p<0.05 were considered statistically significant. Volunteers with CP history had 23 times higher chance of developing mucosae inflammation. High mucosae levels of RANKL (p=0.04) and RANKL/OPG (p=0.001) mRNA expressions were observed in CP group. CP volunteers showed increased RANKL protein levels in opposition to decreased OPG expression. Even without active periodontitis, volunteers with a history of CP had elevated gingival levels of RANKL/OPG and higher correlation with peri-implant mucosae inflammation and implant loss.
Introduction
The osteogenic process requires a careful chronological coordination of molecular signals to drive proliferation, migration and differentiation of mesenchymal precursor cells in osteoblasts (1) . Osseointegration success is determined by the incorporation of the woven bone and the bone mass' adaptation to bearing a load (2) .
Recently, chronic periodontitis (CP) was considered a major risk factor for impaired osseointegration process (3, 4) . Similar to periodontitis, in peri-implantitis, increased microbial activity can disrupt the balance of the host response, stimulating osteoclastic activity with consequent bone resorption and implant loss (5) . Advances in bone cell biology demonstrated that bone resorption is regulated by the interplay of a cytokine system belonging to tumor necrosis factor ligand and receptor superfamilies, which comprise the osteoclastogenesis system -the receptor activator nuclear factor kappa-B (RANK)/ RANK ligand (RANKL)/osteoprotegerin (OPG) (6) .
RANKL, also known as TNFSF11, is the eleventh member of the OPG ligand family, expressed by osteoblasts, stromal cells, fibroblasts, B cells and T cells when stimulated by cytokines and bacterial lipopolysaccharides (7) . Its action is conducted by connecting to RANK on the surface of preosteoclast/osteoblast cells, resulting in the enhancement of osteoclasts activity (8) . Conversely, OPG, also known as osteoclastogenesis inhibitory factor or TNFRSF11B, is a soluble circulating decoy receptor of RANKL that antagonizes the RANK-RANKL interaction and, therefore, promotes bone formation by inhibiting osteoclastogenesis (9) . RANKL and OPG regulate bone resorption by positive or negative stimulation of RANK on osteoclast cells (10) . The positive association of genetic markers for RANK and OPG has been observed in bone-destructive diseases, such as Paget's disease, familial expansile osteolysis and osteoporosis. In addition, studies have shown that the relative ratio of RANKL/OPG is higher in sites with periodontitis when compared to healthy sites (10) .
Few studies on the role of RANKL/OPG in peri-implant failure have been reported. These studies have found the
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association of higher OPG levels with healthy peri-implant status, and increased RANKL expression with peri-implant disease (11, 12) .
As far we know, no previous study detected early peri-implant tissue alterations associated with the osteoclastogenesis system. Taking into account that: the bone remodeling process is crucial for osseointegration and peri-implant health; patients with CP history show high risk for peri-implant disease (13, 14) and the osteoclastogenesis system is the main pathway for osteoclastic activation, our hypothesis is that subjects with history of CP have high RANKL/OPG expression during osseointegration period, disrupting the peri-implant tissue's healing.
Therefore, the purpose of this study was to investigate the levels of OPG and RANKL in early osseointegrated periimplant tissues from subjects with and without a history of CP and its association with uneventful osseointegration and mucosae inflammation
Material and Methods

Volunteers
Forty-six volunteers, presenting 56 osseointegrated endosseous implants, were recruited for this case-control single-blind (in order to avoid any source of bias) study, from the volunteers' pool at the Dental Clinics of the Faculty of Dentistry, Universidade Federal Fluminense, Niterói, RJ, Brazil, during one year. Clinical procedures were conducted in full accordance with ethical principles, including the World Medical Association Declaration of Helsinki (version 2008) and according to recommendations from University' Research Ethics Board (Registration number 80627). Informed consent was obtained from all participants. The baseline clinical parameters for the subject population are shown in Table 1 . Exclusion criteria were: biphosphonate use, intake of antibiotics and anti-inflammatory agents in the preceding three months, pregnancy and/or lactation in female volunteers, no preoperative radiography, one stage or immediate implant placement, concurrent bone grafting needed, early implant exposure during osseointegration period, non-treated periodontitis, non-compliance with study protocol and smokers. All included volunteers underwent a two-stage implant placement procedure, showing favorable bone quality and quantity (15) , and had completed the recommended periodontal therapy prior implant placement. Post-operative instructions included 1-week antimicrobial rinse (0.12% chlorhexidine) use and analgesics (prn). Sutures were removed at week 1.
Chronic Periodontitis Diagnosis
The diagnosis and classification of chronic periodontitis was based on Armitage (16) including as diagnosis an adult prevalence, slow to moderate bone resorption, possible association with systemic disease and previous subgingival calculus. All diagnosis were established by a single trained and calibrated examiner. All information about the volunteer's periodontal history was obtained by accessing the individual dental records. Volunteers diagnosed with chronic periodontitis were under regular maintenance. We considered volunteers with no active periodontal disease when under clinical examination bleeding on probing and plaque accumulation were absent and no mobility was observed.
Based on periodontal status, volunteers were divided into control group (without history of chronic periodontitis, n=26) and CP group (with history of chronic periodontitis, n=20).
Osseointegration and Peri-Implant Mucosae Evaluation
Implant exposure surgery was performed 3 and 6 months after implant placement for mandible and maxilla, respectively. All implants with internal hexagon and external hegan platform were placed at a crestal level, while Morse cone platform type implants were placed at the subcrestal level. The criteria for uneventful ossointegration were: implant immobility; absence of periimplant radiolucency; absence of persistent signs and/or symptoms -pain, infection, neuropathy, paresthesia, or mandibular canal commitment (17) .
All peri-implant regions were underwent clinical and radiographic examination, one month after implant exposure, in order to evaluate the osseointegration and peri-implant tissue status. Clinical examination consisted of visual inspection and palpation, analysis of mucosal inflammation, edema, spontaneous bleeding, bleeding on probing, pus, implant platform type and mobility. Based on local characteristics, volunteers were characterized as (i) having uneventful healing (with adequate osseointegration, without implant mobility or mucosae inflammation) or (ii) peri-implant mucosae inflammation (13, 14) (with mucosae inflammation characterized by bleeding on probing and red mucosae and/or inadequate osseointegration implant mobility).
RNA Expression
Gingival biopsies were harvested from 46 volunteers (26 from control group and 20 from CP group) after the osseointegration period, during the implant exposure procedure.
Total RNA was isolated using the Trizol® Reagent (InvitrogenTM, Life Technologies, NY, USA) method according to the manufacturer's protocol. DNase treatment to digest genomic DNA was done using DNA-free DNase® (Ambion by InvitrogenTM). RNA integrity was confirmed on a 1.2% agarose denaturing gel electrophoresis stained with SYBR Nucleic Acid Gel Stain® (Invitrogen™). RNA purity was confirmed with the spectrophotometic absorbance ratio at 260/280 (Nanodrop® 1000, Thermo Scientific, Wilmington, DE, USA). Reverse transcription-polymerase chain reaction (RT-PCR) was performed for the synthesis of complementary DNA, from 300 ng of RNA using the system ImProm-II Reverse Transcription System™ (Promega Corporation,Madison, WI, USA), according to the manufacturer's protocol. The blank control (RT-PCR without RNA template) and RT (-) reactions (PCR without reverse transcription) were executed along with all RT-PCRs. The quantitative PCR (qPCR) reactions were run in the MxProMx3005p software (Stratagene/Agilent Technologies, Wilmington, DE, USA) using the detection system Fast Sybr Green Master Mix (Applied Biosystems, Foster City, CA, USA) with 1.5 µL of cDNA in each reaction. qPCR was performed with an activation step at 95 °C for 10 min, followed by 40 cycles of denaturation and annealing/extension (95 °C 15 s and 60 °C 1 min). It was designed specific primers for OPG (forward 5' AGGAGCTGCAGTACGTCAAG 3' and reverse 5' TCTGGGGTTCCAGCTTGC 3') and RANKL (5' GCAGAGAAAGCGATGGTGGA 3' and 5'GGAACCAGATGGGATGTCGG 3') based on BLAST database (http://blast.ddbj.nig.ac.jp/top-j.html). A melt curve was performed for specific amplification analysis. Values were normalized with respect to constitutive expression of β-actin (forward 5' -TACAATGAGCTGCGTGTGG -3'/ reverse 5' -AGAGGCGTACAGGGATAGCA -3'). Data are presented as fold change relative to a calibrator (RNA pool). All reactions were performed in duplicate and checklist with essential information to ensure reproducibility (18) .
Western Blot
In order to confirm gene expression results, a representative sample (eight gingival biopsies) was analyzed for OPG and RANKL proteins quantification, by mechanical and sonication process, quantified by Bradford methods (19) . Five-hundred µg of protein were homogenate in sample buffer (0.02 mM dithioreitol; 1.38 mM sodium dodecyl sulfate; 125 mM Tris-HCl, [pH 6.8 and 20% glycerol]) and 50 µg of protein were separated by 10% SDS-polyacrylamide gel electrophoresis. Proteins were then electro-blotted to a PVDF membrane (Hy-bond TM-P, Amersham Biosciences, Brazil). Membranes were blocked in 5% non-fat dry milk in Tris-buffered saline 0.001% Tween 20 for 1 h and then incubated with the primary antibodies: rabbit-polyclonal anti-OPG (Abcam, Cambridge, UK), rabbit-polyclonal anti-RANKL (Abcam) and mouse-monoclonal anti-tubulin (Clone DM1A; Sigma-Aldrich, St. Louis, MO, USA) overnight. The reaction was observed using SuperSignalWest Pico Chemiluminescent Substrate (Pierce).
Immunohistochemistry
Paraffin-embedded heads from 2 samples from both groups were sectioned in the coronal plane at 4 μm thickness and mounted onto slides. Sections were dipped in xylene to remove the paraffin and dehydrated through a graded alcohol series. In order to prevent endogenous peroxidase activity, sections were incubated with 3% hydrogen peroxide in methanol for 30 min at room temperature following sodium citrate antigen unmasking treatment for 20 min at 96 °C. Five percent normal goat serum in PBS-Triton (0.3%) was used for blocking at room temperature. The following antibodies were used: anti-OPG and anti-RANKL (1:200, rabbit polyclonal antibody, Abcam) in 5% normal Bovine Serum at 5%, overnight at 4 °C. After that, the slides were treated with peroxidase staining (Sigma-Aldrich) and developed with diaminobezidine tetrahydrochloride (DAB-Vector Laboratories, Burlingame, CA, USA). The slides were then counterstained with Harris hematoxylin or methyl green and mounted with Entellan (Merck Millipore, São SP, Brazil) in order to visualize nuclei of the cells. Negative controls were obtained by omitting the primary antibody of each reaction. The slides were photographed under a Nikon Eclipse TE300 microscope (Nikon Company, Melville, NY, USA).
Statistical Analyses
The sample size included the spontaneous demand of patients at the Dental Clinics of the Dental School, Universidade Federal Fluminense and Universidade Veiga de Almeida over 1 year, respecting the inclusion criteria. This calculation was designed to detect a risk factor that reached 40% of the sample, with alpha of 5% and 80% power. Nominal variables were expressed as frequencies and percentages. To access the significance of nominal variables between groups, the chi-square test was performed. Continuous variables were expressed as mean and standard deviation. The Shapiro-Wilk test was used to evaluate distribution among variables. ANOVA/t-test or Mann-Whitney tests were used to compare means between groups when the variable was in a normal or non-normal distribution, respectively, including gene expression analysis after 2-ΔΔCT Livak method calculation. Values of p<0.05 were considered statistically significant. Multinomial logistic regression analyses were performed to permit the exploration of many covariates simultaneously compared to the healthy group. Statistical analyses were performed using STATA 11.1 (Stata Corp, College Station, TX, USA).
Results
Clinical Results
From the total of 46 volunteers evaluated during six months, there were 34 (73.9%) women and 12 (26.1%) men,
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with mean age 56.3±9.9 years. No difference was found between control and CP groups regarding ethnicity, sex, age, general medical conditions and current medication. In contrast, CP volunteers showed higher incidence of total edentulism (p=0.05) and unsatisfactory hygiene (p=0.02) compared to the controls (Tables 1 and 2) .
Taking into account peri-implant status (Table 3 ) one month after implant exposure, the CP group showed higher prevalence of red mucosae (p=0.0001). Twenty-four (92.3%) volunteers in the control group showed uneventful periimplant healing during osseointegration, in contrast with 7 (35%) in the CP group. Volunteers with CP history had 23 times higher chance of developing peri-implant mucosae inflammation and/or implant loss, compared to volunteers without CP history (p<0.0001; 22.29 [4.02-123.25]) ( Table  4 ). Implant platform type had no association with impairing osseointegration.
Correlation of Clinical and Osteoclastogenic Parameters
From the total of 46 samples, OPG and RANKL mRNA were detected in 40 tissues (81.6%). OPG showed similar mRNA levels in both groups (p=0.22). However, high levels of RANKL were observed (p=0.04) in the CP group. In addition, RANKL/OPG mRNA expressions showed higher association with history of CP (p=0.001) (Fig. 1) .
The initial univariate analysis demonstrated chronic periodontitis (p=0.0001) and higher RANKL/OPG expression (p=0.04) as potential predictive factors for osseointegration complications. In order to assess factors concurrently, a multivariate logistic regression was performed, showing chronic periodontitis as potential predictors associated with harmful peri-implant healing during osseointegration, characterized by peri-implant mucosae inflammation.
All mRNA and protein analyses were performed in the same gingival sample from the same collected site. Therefore, samples obtained during implant exposure surgeries were divided in three fragments, when possible: one for RNA expression analysis, one for western blot analysis and one for immunohistochemistry. Considering the sample diameter to be about 4 mm, just in 8 samples was possible performing western blot analysis and in 1 sample immunohistochemistry. RANKL and OPG protein levels were specifically detected in eight volunteers from the total of 49 included volunteers. The western blot analysis showed that RANKL levels were increased in CP volunteers and OPG appeared downexpressed in the same diseased volunteers (Fig. 2, columns 1-3 ). Therefore, we employed an affinity purified polyclonal antibody in histological sections from peri-implant tissues harvested from control and CP volunteers (Fig. 3) . Lower RANKL staining in healthy subject was detected (Fig. 3A) in contrast with CP subject, who showed clearly higher detection of RANKL (Fig. 3B) . Consistent OPG staining in gingiva from volunteers with history of CP ( Fig 3D) was no observed. However, marked OPG staining was characteristic of gingiva from healthy volunteers (Fig. 3C ).
Discussion
The purpose of this study was to investigate the levels of OPG and RANKL in healing peri-implant tissues and their association with uneventful osseointegration by comparing volunteers with and without history of CP. The results indicated that there is significantly higher RANKL/ OPG expression in CP volunteers and it has a correlation with peri-implant mucosae inflammation. Therefore, our study supports the hypothesis that volunteers with CP have RANKL/OPG imbalance during osseointegration, characterized by high levels of RANKL/OPG expression, disrupting peri-implant tissue wound healing and consolidating CP as a risk factor for periimplant disease development. Considerable effort has been made to understand the biological relationship between history of CP and peri-implant disease (13, 14, 20) . A great number of studies have focused on the osteoclastogenic system profile of chronic periodontitis (5, 6) . However, until now, no previous study correlated OPG/RANKL levels in mucosae of volunteers with history of CP who underwent to implant placement and the genes' influence on the osseointegration process. According to ethical principles, this work did not collected samples from periimplant bone. All samples were collected from peri-implant mucosae which would 
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be discarded during implant exposure. In addition, our research group considered, based on peri-implant anatomy, that this peri-implant mucosae represents the metabolism from bone tissue during osseointegration period. Taking into account that the molecules responsible for the osteoclastogenic system and bone homeostasis work in a network-like organization (11) , this study clearly demonstrated the relationship between CP and the presence of mucosae inflammation in early osseointegrated implants. The main findings of our analyses can be explored as follows: (i) the destructive tissue pattern related to exacerbated inflammatory response in volunteers with CP (116) remains even after tooth loss, and this exacerbated response is possibly an individual pattern related to CP's genetic basis, not just a local factor associated with the presence of infection around tooth; (ii) the relationship between high incidence of peri-implant mucosae inflammation in volunteers with CP has the osteoclastogenesis system as biological basis, with increased levels of osteoclast activators (RANKL) in peri-implant tissues from CP volunteers.
It's a general consensus that peri-implantitis is characterized by progressive bone destruction and it is the main cause of implant failures. However, mucosae inflammation occurs prior to irreversible peri-implant bone loss (21) . Therefore, signs of inflammation were evaluated in all volunteers during clinical examination in order to indicate the possibility of complications with the osseointegration process. In our study, volunteers with CP showed significant incidence of mucosae inflammation compared to volunteers without CP history, and 2 volunteers lost the implant. These data showed that volunteers with CP have 23 times higher chance of developing complications in mucosae and bone around implant, consolidating CP as a risk factor for peri-implantitis development. Different mediators have been identified in the process of periodontal bone destruction, including arachidonic acid metabolites, cytokines, and nitric oxide (22) . The proinflammatory cytokines, prostaglandin E2 (PGE2), IL-1b, IL-6, and TNF-a, together with a number of other mediators of bone metabolism (TGF-b, PTH, 1,25-dihydroxyvitamin D3, glucocorticoids and estrogen), exert their effects on osteoclastogenesis by regulating osteoblastic/stromal cell production of OPG and RANKL (23) .
RANKL/OPG in peri-implant inflammation
Previous studies related that the change in the levels of RANKL play a major role in the bone loss observed in periodontitis (24, 25) . An increased concentration of RANKL and a decrease of OPG has been detected in gingival crevicular fluid (26) and gingival tissues (24, 26, 27) from volunteers with periodontitis. Similarly, high RANKL/OPG levels were associated with peri-implant tissue destruction (11). Rakic et al. (12) emphasized the role of RANKL and OPG as prognostic biomarkers in peri-implantitis, suggesting that expressions of osteoclastogenesis related factors may play an important role in the onset and severity of the peri-implantitis.
Our study tried crossing two diseases with similar etiology and immunologic pattern, chronic periodontitis and peri-implant disease, specifically mucositis, based on the biology of the osteoclastogenesis system and the possible early etiology of peri-implant disease. Multivariate analysis affirmed CP to be associated with higher RANKL/ OPG expression and a predictive factor for peri-implant mucosae inflammation.
In order to ensure the OPG and RANKL effect on harmful peri-implant healing and implant loss, we performed Western Blot and immunohistochemical analyses. The 
exploration of the molecular mechanism of early periimplant failure was consistent with RANKL/OPG gene expression levels. RANKL protein was overexpressed in tissues from volunteers with CP history even without disease activity. These results corroborate with previous findings (11, 12, 28) , indicating that peri-implant complications and implant loss could be a genetic factor, and that the molecular mechanism of bone resorption can be active in volunteers with CP history.
Despite the fact that significant statistical difference was not found, some important variables that could influence in such results, in our research, is the difference between crestal and subcrestal implant placement, the implant position and the early implant exposure. In addition, gingiva samples were not collected at the baseline, during implant placement, becoming impossible determining the relationship between baseline levels of RANKL/OPG and its level after implant exposure. This is the first study obtaining supporting evidence for an association between the occurrence of periimplant mucosae inflammation and history of chronic periodontitis, considering the biologic interaction in the osteoclastogenesis system. Even without active periodontitis, volunteers with a history of CP had elevated tissue levels of RANKL/OPG and higher correlation with peri-implant mucosae inflammation and implant loss, showing that the destructive pattern remains in the mucosa and bone of these risk volunteers. Therefore, RANKL/OPG correlation may have a potential value as a biomarker for early complications in the peri-implant tissue. Overall, we encourage future studies to identify volunteers at an increased risk for peri-implantitis. A detailed analysis of osteoclastogenesis and inflammatory biomarker mechanisms and their consequences should also be studied, and, in the long term, their effects on the osseointegration process.
Resumo
A história de periodontite crônica (CP) é um fator de risco para falhas na osseointegração. O sistema de osteoclastogênese (RANK, RANKL e OPG) é crucial para o controle da homeostase óssea. O objetivo deste estudo foi investigar os níveis de OPG e RANKL no tecido peri-implantar de voluntários com e sem histórico de CP e sua associação com inflamação da mucosa. Este é um estudo tipo caso-controle. O exame para diagnóstico de CP e na região peri-implantar foi realizado em 46 voluntários, divididos em controle (sem história CP, n=26) e grupo CP (com histórico de CP, n=20). Descartes gengivais foram obtidos durante a exposição do implante. PCR quantitativo avaliou a expressão do RNAm de OPG/ RANKL. As proteínas OPG e RANKL foram analisadas por western blot e imunohistoquímica. O teste do qui-quadrado analisou a significância entre as variáveis nominais enquanto as variáveis contínuas foram analisadas pelo teste-t e Mann-Whitney, após o teste de Shapiro-wilk. O método do Livak 2--ΔΔCT avaliou a expressão gênica. Os voluntários com CP apresentaram 23 vezes mais chances de desenvolver inflamação da mucosa. Expressão elevada no RNAm de RANKL (p=0.04) e RANKL/ OPG (p=0.001) foram observadas no grupo CP. Voluntários com CP mostraram aumento dos níveis da proteína RANKL em contraste com diminuída expressão de OPG. Mesmo sem periodontite ativa, voluntários com histórico de CP apresentaram elevado nível gengival de RANKL/OPG e alta correlação com inflamação peri-implantar e perda do implante.
